Large-scale low-frequency ULF signals in the terrestrial magnetosphere are expected to have the structure of standing waves along the ambient magnetic field and to propagate across the field. By making simple assumptions regarding the wave form, we show that wave polarization in a plane perpendicular to the magnetic field B may be interpreted in terms of the signal structure across B. Two cases are distinguished, corresponding to a pure Alfvbn mode (transverse) wave and a purely compressional wave. Examining published ULF data, we find that many compressional signals appear to have transverse polarization more appropriate to the Alfv6n mode. We conclude that the compressional signals are commonly coupled to Alfvbnic disturbances, but there is evidence of purely Alfv6nic signals at times. Our aim is to outline polarization states worthy of further analysis and to indicate how one may interpret polarization data. Our perhaps unexpected conclusion is that the polarization expected for localized Alfv6n (or transverse) mode signals may have much relevance to many of the compressional signals observed in geosynchronous vicinity and beyond.
INTRODUCTION
The use of three-dimensional matrix techniques [Means, 1972; Samson, 1972; Arthur et al., 1976; McPherron, 1979] for magnetospheric wave studies is now fairly standard. In particular, there has been interest in their application to ULF signals as the references indicate. Olson and Samson [1979] and Samson [1982] ). This is partly explained by the absence of published theoretical predictions concerning polarization states. Such is the gap between theory and experiment that some published ULF three-dimensional spectral matrix analysis has been interpreted using the assumption that the wave is planar. Our aim is to outline polarization states worthy of further analysis and to indicate how one may interpret polarization data. Our perhaps unexpected conclusion is that the polarization expected for localized Alfv6n (or transverse) mode signals may have much relevance to many of the compressional signals observed in geosynchronous vicinity and beyond.
MHD WAVES
At high enough ULF frequency, the plane wave approximation is a good assumption in the absence of any contrary information (e.g., a nearby localized source). Spectral matrix analysis yields a plane in which the major perturbation lies.
The wave propagation vector is normal to the plane. Provided the polarization is elliptical, the propagation direction (but not its sense) is determined. However, much below the ion gyrofrequency, the expected polarization of the two wave modes that can occur in a uniform cold plasma is linear rather than elliptical (see, e.g., Dungey [1968] and Southwood and Hughes [1983] ). The same consideration applies in compressible magnetohydrodynamic (MHD) waves where the three modes (fast, slow, and transverse) have distinct linear polarization if they are planar. Linear signal polarizations are reported somewhat rarely in the magnetosphere, and thus assumptions such as signal planarity or plasma uniformity need be questioned.
Let us here examine planarity and let us start by noting that two of the MHD waves share the special feature of being field guided. The transverse mode is strictly guided (i.e., group velocity is along B), the slow only approximately so. A consequence of the guidance is that complicated wave amplitude and phase structure can be sustained perpendicular to B even far from the source along flux tubes that connect to the source without affecting the harmonic nature of the signal. To see 
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If there is some phase variation across B, the signal is still elliptically polarized. However, in this general case, the major axis is tilted at an angle with respect to the (x, y) axes.
We illustrate these results in Figures 1 and 2 . Hence the transverse components of a compressional (fast or slow) mode are also elliptically polarized if there is both perpendicular amplitude and phase variation. However, in this case, the major axis tends to align with the direction of the direction of maximum spatial (including both phase and amplitude) variation of ½c. In particular, for waves with small phase variation, the wave major axis aligns parallel to the maximum wave amplitude variation. This is exactly opposite to the Alfv•n wave case above. Should phase and amplitude variation be at right angles (cf. (4)), then the major and minor ellipse axes align with the (x, y) axes.
It is apparent above that the transverse ellipticity of a compressional wave is controlled very differently from the ellipticity of a transverse signal. Although we introduce an important reservation below, a priori the transverse component of a compressional signal is not hard to characterize, for the compressional modes have another magnetic field component, b:. 
COUPLING OF COMPRESSIONAL AND ALFV•N MODES
In the second section of this paper we treated the transverse polarization of a transverse mode wave and of a compressional mode wave separately and contrasted the results. Evidently, the transverse components of any wave form a two- The coupling expected between compressional and transverse modes makes any interpretation of compressional wave signal polarization data ambiguous. There is no way of establishing the degree of coupling by use of magnetic polarization data alone. However, as we show in our later discussion, further information can be used to clarify the situation. 
EXAMPLES OF MAGNETOSPHERIC WAVES
Synchronous orbit has provided data for very productive studies of ULF waves. As early as 1969, Curnrnrnings et al. [1969] , using the University of California, Los Angeles (UCLA), magnetometer data, reported the regular occurrence of purely transverse oscillations on the ATS 1 spacecraft, using the UCLA magnetometer data. Large-amplitude compressional oscillations were reported by Barfield and Coleman [1970] , using the same instrument, and many studies have followed. Polarization of pulsations seen on the synchronous orbit ATS 6 spacecraft has been studied by Tonegawa [1982] . In Figure 4 we show the polarization reported by Tonegawa for a transverse signal largely polarized in the azimuthal direction. The y coordinate is east-west perpendicular to B, z is along B, and x is perpendicular to B in the meridian [Tonegawa, 1982] . The signal's largest amplitude is in the y component, z has the smallest amplitude; the signal is effectively transverse. The discussion of previous sections leads one to conclude that the most rapid variation of wave phase and/or amplitude is in a direction roughly aligned with the meridian (x), as required by (5) Figure 5 is also based on the work of Tonegawa [1982] and shows a polarization plot of a compressional ULF wave seen on ATS 6, typical of a class seen predominantly in the afternoon hours; x, y, z coordinates are defined as before. The signal is highly elliptical in the plane transverse to B, and the ellipse aligns with the x coordinate. In the meridian the polarization is also elliptical. The ellipse is strongly tilted; z has a small phase lead over x that is much less than z•/2. If the signal is purely compressional (no jz), then the transverse polarization leads one to the conclusion that the prime signal variation is in the meridian. As the z and x components are closer to being in phase than quadrature, one would conclude from our description in the previous section that if there is standing structure along B, then the variation in the meridian is pri- There are two strong arguments against the latter conclusion. First, east-west phase measurements on signals similar to the Tonegawa example were made by Hughes and coworkers [Hughes et al., 1978 [Hughes et al., , 1979 . These signals have low coherence lengths and thus a fortiori short wavelengths. Such signals must admit large phase variation east-west. As Hughes et al. [1978] report very high coherence and zero phase difference in meridional components during the period where spacecraft were separated radially, it seems reasonable to assume the phase variation east-west is the dominant signal variation. If the same is assumed for the Tonegawa example, the transverse polarization of the signal is more or less perpendicular to the direction of phase variation, i.e., the orientation is appropriate to a transverse mode signal. Hence we conclude that there must be strong coupling between Alfv6n and compressional modes.
There is a further argument to bolster the view that the compressional signals analyzed by Tonegawa [1982] or MHD waves, waves which are linearly polarized if they are plane waves and propagate in a uniform field. However, the magnetosphere is nonuniform on expected MHD wave scales, and it is not appropriate to assume observed oscillations are plane waves. Fairly complicated three-dimensional polarizations are recorded in ULF magnetic signals, which also emphasizes the nonplanar nature of the signal.
We have pointed out that very general considerations lead one to some simple expectations concerning wave polarization. We considered two classes of signal, transverse Alfv6n and compressional. In either case, polarization perpendicular to B is a function of the variation across the field. However, the major axis of the noncompressional signal ellipse tends to align at right angles to the direction of maximum signal gradient, while the major axis of the ellipse traced by the transverse projection of the purely compressional signal tends to align along the direction of maximum signal gradient.
Examination of commonly observed classes of ULF signal revealed that the transverse waves seen at synchronous orbit conformed:well w•th our: notions of transverse• polarization. 
